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(54) Title of Invention: Manufacturing Method of Semiconductor Device 
[What is claimed] 

A manufacturing method of a semiconductor device wherein: a window is provided 
on a portion of an insulating layer formed on the surface of a semiconductor substrate with 
a semiconductor element, on which an electrode should be formed finally; a gettering 
processing is performed through the window; the insulating layer formed in the above 
window at the gettering processing is removed by etching with a step difference of the 
insulating layer of the other portion so that the above window is provided again; and an 
electrode is equipped through the window. 

[Detailed Description of the Invention] 

The present invention relates to a manufacturing method of a semiconductor device 
like a power transistor requiring a gettering processing. 

For instance, in the power transistor requiring a diffusion processing at high 
temperature for a long time in the manufacturing process, metal ion is easy to enter into a 
semiconductor substrate by a thermal processing at high temperature for a long time so 
that voltage proof is lowered. Therefore, in such a semiconductor device, an operation of 
removing the metal ion in an atmosphere of gas by performing a gettering processing after 
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a thermal diffusion processing, but the manufacturing process of the semiconductor device 
with the operation is quite complicated. 

First, the conventional manufacturing method of the power transistor is explained 
with Figure 1. Figure shows an example obtaining a NPN type transistor. In this case, a 
semiconductor region (2) containing high impurity is formed by diffusing N-type impurity 
overall from one side (la) of a N-type semiconductor substrate, for instance a silicon 
substrate (1) (Figure 1-A). 

Secondly, a P-type semiconductor region (4), which is a base region with respect to 
the N-type semiconductor region (3) that a collector region of the portion in which the 
semiconductor region (2) of the substrate (1) is formed, is formed by diffusing P-type 
impurity overall from other side (lb) of the substrate (1) (Figure 1-B). This diffusion 
processing is by a thermal diffusion processing at high temperature for a long time, for 
instance, at 1250°C for 17 hours. 

A N-type impurity layer (5) is formed by depositing N-type impurity on the P-type 
semiconductor region (4) (Figure 1-C). 

This N-type impurity layer (5) is removed by selective etching except the portion in 
which an emitter region should be formed (Figure 1-D). 

Next, a semiconductor region (6) of a N-type emitter region is formed by diffusing 
the impurity of the impurity layer (5) into the region (4) by performing the heating 
processing, for instance, at 1250°C for 6 hours (Figure 1-E). Thus, a transistor element 
(t) is formed in which the region (2) is as a taking out region of a collector electrode and 
regions (3), (4) and (6) are respectively as a collector region, a base region, and an emitter 
region. Besides, actually, the region (2), (3) and (4) are in common on the common 
semiconductor substrate (1), and a lot of emitter regions (6) are formed at the same time 
holding the decided interval on the region (4), so that a lot of transistor elements (t) are 
formed at the same time on the common substrate (1). 

Then, an insulating layer (7) like as Si0 2 is formed by adhering, for instance, to the 
thickness of about 1 u on the surface of this semiconductor substrate (1 ) (Figure 1-F). 

The insulating layer (7) on the collector side (l b) of the semiconductor substrate (1 ), 
namely, on the semiconductor region (2) with high impurity concentration is removed by 



# 



etching (Figure 1 -G). 

Then, the gettering processing is performed from the side (lb) of the substrate (1). 
That is to say. for instance, phosphorus P is diffused. Because this gettering processing is 
performed by heating in an atmosphere of oxygen, the insulating layer (7) on the other side 
(la) of the substrate (1) grows further, as well as a thin Si0 2 layer, that is to say the 
insulating layer (7)', is formed to the thickness of about 1000 to 2000 A on the side (lb) 
of the substrate (1) (Figure 1-H). 

Next, by photo-etching the insulating layers (7) and (7) 'on the both sides (la) and 
(lb) of the substrate (1) and, windows (8c), (8b) and (8e) for forming electrodes are 
respectively provided in a portion on the region (2) with high impurity concentration and 
in portions on the base region (4) and the emitter region (6) of the collector region (Figure 
1-1). In this case, the reason why the window (8c) is formed selectively on the insulating 
layer (7)' is to leave the insulating layer for marking-off, so-called scribing portion for 
subsequent pelletizing. 

A collector electrode (9c), a base electrode (9b) and an emitter electrode (9e) adhere 
ohmicly to the respective regions (2), (4) and (6) through these windows (8c), (8b) and 
(8e). Thus, the power transistor (1 0) of the purpose can be obtained (Figure 1-J). 

Then, the substrate (1) is cut and separated to each transistor element (t), that is to 
say, pelletizing is performed. 

However, in case of such a method, as explained in Figure 1-H, because the 
thickness of the insulating layer (7)' on the side (la) of the substrate (]) formed at the 
gettering processing is remarkably thin compared with the thickness of the insulating layer 
(7) on the other side (lb), and when photo-etching for forming each electrode window 
((8c), (8b) and (8e) is performed at the same time with respect to both insulating layers (7)' 
and (7), the thinner insulating layer (7)' on the side (la) is overetched. In order to avoid 
the overetching like this, it is necessary to perform photo-etching on each insulating layer 
(7) and (7)' in another process so that processes become quite complicated. By the way, 
the photo-etching has a lot of processes that a previous treatment for the base, coating 
photosensitive agent, pre-baking, aligning exposure, development, post baking, etching, 
removing photosensitive agent and cleaning, so that an increase of one process in the 
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photo-etching extremely prevents from mass-producing. 

The present invention offers a manufacturing method of a semiconductor device 
without a defect like this. 

An embodiment of the present invention in case of obtaining a NPN-type power 
transistor is explained with reference to Figure 2. In this case, for instance, a plurality of 
transistor elements (t) are formed and arranged at the same time on the common 
semiconductor substrate (1) through the same processes as explained in Figures 1-A to F. 
However, only one transistor element (t) is shown in Figure 2. In Figure 2, the same 
marks are used to identify the portions corresponding to Figure 1 and the repeated 
explanations are omitted. 

In the present invention, windows (18c), (18b) and (18e) are respectively provided 
on the portions in which a collector electrode, a base electrode and an emitter electrode 
should be formed finally on the region (2) with high impurity concentration, the base 
region (4) and the emitter region (6) in an example shown by Figure, by photo-etching 
with respect to an insulating layer (7) with the same thickness of about 1 li formed on the 
sides (la) and (lb) of the substrate (1) (Figure 2-A). 

A gettering processing is performed through these windows (18c), (18b) and (18e) 
(Figure 2-B). This gettering processing is, for instance, pre-heating in an atmosphere of 
oxygen at 1160 to 1200°C for two minutes. Thereafter, a gas of phosphorus (P) is flown 
for 2 minutes in this heating condition, the supply of phosphorus (P) is stopped and the 
heating condition is held for several minutes, then annealing is performed. In this 
annealing, after heating at 750°C for 5 hours, this heating condition is slowly cooled down 
to a normal temperature. Then, as is commonly known, metal ions in the substrate (1) 
are drawn out and the voltage proof is improved. In this case, a thin insulating layer (7)' 
made of Si0 2 which is formed by oxidizing the surface of the substrate (1) is formed at a 
thickness of about 1000 to 2000 A in each window (18c), (18b) and (18e), under which a 
layer (11) where phosphorous P with high concentration is doped is formed. 

Next, the thin insulating layer (7) 3 in the windows (18c), (18b) and (18e) is removed 
by etching, and the windows (18c), (18b) and (18e) are provided again (Figure 2-C). The 
insulating layer (7)' is removed by an overall etching by making use of the thickness 
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which is thinner than that of the insulating layer (7), and by selecting the etching time 
which cannot remove the thick insulating layer (7) but can remove the thin insulating layer 
(7) 5 ? without using any etching mask. 

Because a diffused layer (11) of phosphorus (P) shows N-type, at least it is to be 
desired that the diffused layer (11) on the base region (4) is removed. Therefore ; the 
diffused layer (11) is removed by light etching with etching liquid for the substrate (1), that 
is to say, silicon etching liquid, for instance, hydrofluoric acid or alkali etching liquid 
(Figure 2-D). In this case, because the etching rate of the diffused layer (11) in which 
phosphorous P with high concentration is doped is high, only this portion can be removed 
by a short time etching. 

Then, each solder electrode which becomes a collector electrode (9c), a base 
electrode (9b) and an emitter electrode (9e) adheres on a region with high impurity 
concentration (12), a base region (4) and an emitter region (6) of the collector region (3) 
through the windows (18c), (18b) and (18e) of the insulating layer (7) caused by removing 
the insulating layer (7)'. In this case, concave portions (13c), (13b) and (13e) are 
respectively formed under each window (18c), (18b) and (18e) by removing the diffused 
layer (11). Therefore, for example, when Ni plating is performed on the concave 
portions, and the solder electrodes are provided on there, these electrodes can be formed to 
so thick easily. Thus, the semiconductor device of the purpose, thai is to say, the power 
transistor (12) can be obtained (Figure 2-E). 

As mentioned above, according to the present invention, because each window 
(18c), (18b) and (18e) is opened in the insulating layer with uniform thickness, an 
overetching is not caused. Also, because the insulating layer (7) 5 formed in the windows 
(18c), (18b) and (18e) by the gettering processing can be removed by overall etching, its 
manufacturing process is extremely simplified, and the profit by an actual application is 
very great. 

Furthermore, the example shown in Figure is the case of obtaining the NPN type 
power transistor, and it is clear that the same effect can be obtained by applying the present 
invention to the manufacturing method of a semiconductor device requiring some kinds of 
gettering including the other type power transistor. 
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[A brief explanation of Figures] 

Figures 1-A to J are enlarged cross sectional views of each process showing the 
manufacturing method of the conventional power transistor. Figures 2-A to E are 
enlarged cross sectional views of each process showing an example of the manufacturing 
method of the semiconductor device by the present invention. 

Marks: 

(1) semiconductor substrate 
(t) transistor element 

(3) collector region 

(4) base region 

(6) emitter region 

(7) (7)' insulating layer 

(18c)(18b)(18e) windows formed respectively in insulating layer (7) 
(9c)(9b)(9e) each electrode of collector, base and emitter 

(12) semiconductor device obtained by the manufacturing method of the present invention 
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